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We examined how the direction of apparent motion in one part of a scene can propagate and constrain 
motion direction in another part. The stimulus scene consisted of an array of dots all moving in the same 
physical direction at the same time. According to the proximity rule, the dots in the interior of the array 
should appear to move rightward and the dots at the edges should appear to oscillate horizontally. 
However, we found that: (1) with long frame durations, the interior dots also appeared to oscillate; (2) 
with shorter frame durations, the likelihood that the subjects perceived rightward motion at the center 
of the array increased; (3) oscillation was observed at the edges regardless of frame duration; (4) when 
opaque objects were placed on both the left and right sides of the array as occluders, only rightward 
motion was observed both in the center and at the edges of the occluders independent of frame duration; 
(5) in all cases, similar results were obtained with both foveal and peripheral viewing of either the center 
or the edge; and (6) with longer frame durations, the interior area within which oscillations were observed 
became larger. These findings suggest hat signals for motion correspondence (oscillation) can gradually 
propagate to distant units (roughly 30 deg/sec). This can be explained by a locally-connected iterative 
network model. 
Motion correspondence Apparent motion Propagation 
INTRODUCTION 
When a visual stimulus uch as a bar or a disk is flashed 
at one location and then flashed again at another location 
at an appropriate distance and after an appropriate delay, 
a vivid motion is observed. This apparent motion 
illustrates the ability of the human visual system to derive 
a correspondence between elements inthe changing image 
(e.g. Anstis, 1980; Burt & Spearling, 1981; Dawson, 1991; 
Green, 1986; Grossberg & Rudd, 1992; von Grunau, 
1986; Kolers, 1972; Mather, Cavanagh & Anstis, 1985; 
Nakayama, 1985; Ramachandran & Anstis, 1983a,b; 
Shechter, Hochstein & Hillman, 1988; Ullman, 1979; 
Wertheimer, 1912). One of the most important problems 
in apparent motion is how a unique correspondence of 
elements is determined. Ullman (1979) proposed a 
computational model for correspondence in apparent 
motion called minimal mapping theory. He assumed that 
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there is a minimum mapping process based on the 
principle that features in a given flame are matched to 
features in another frame so that the sum of the traveled 
distance is minimal. This minimization is constrained. 
The constraints ry to establish that matching is unique, 
that no moving features are left unmatched, and that the 
number of matches per moving features is as small as 
possible. 
How are these constraints implemented in a global 
visual field? One possibility is that the constraints are 
fulfilled at the same time in every location. Grzywacz and 
Yuille (1988) proposed a massively parallel neural 
network model to implement a theory whose basic 
principle is also derived from the minimum mapping 
theory. Their model assumed interconnection between 
every two units, irrespective of the distance between them. 
Another possibility is that these constraints are 
implemented through stepwise local interactions. To 
implement the minimum mapping theory, Ullman (1979) 
developed a local network model in which distant units 
interact through aseries of intermediate units. Yuille and 
Grzywacz (1989) have proposed a coherent motion theory 
in which two-dimensional smoothing over the entire 
visual field is assumed. 
The purpose of the present study is to explore how 
distant units might communicate with each other in 
apparent motion. Does communication occur simul- 
taneously or gradually in time and space? If gradually, 
how does it propagate to distant units? How long does it 
take the propagation to cross between distant units? To 
explore these questions quantitatively, we used a regular 
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array of dots and systematically moved them in order to 
determine if and how a signal for motion correspondence 
at the edges of the array influences the correspondence in 
its interior.* 
In Expt 1, we examine how unambiguous (one-to-one) 
correspondence at the edges of the array of small 
dots constrains the correspondence inside the array. In 
Expt 2, we first determine if occlusion can change the 
correspondence of the edges of the array and, if so, how 
this change in the correspondence of the edges influences 
the interior elements of the array. In Expt 3, we examine 
how large the interior area as a function of the frame 
duration. Here the frame duration refers to the time 
during which the same stimulus array is presented at the 
same location while the total duration refers to the total 
time during which the sequence of the frames was 
presented in a trial. 
EXPERIMENT1 
Method 
Subjects. Three subjects--one male and two females-- 
were used in this study. The females were naive for the 
purpose of the experiment while the male was one of the 
authors (TW). Each had normal or corrected-to-normal 
visual acuity (Snellen 20/20) and normal color vision (no 
errors in the Ishihara test). These three subjects 
participated in all of the experiments in this study. 
Materials. The stimuli were presented on a color video 
display (Apple M0401, 640 x 480 pixel resolution, 35 
kHz in horizontal and 66.7 Hz in vertical scanning 
frequencies) controlled by a Macintosh IIci.? 
The display was placed 57.3 cm from the subject's eyes. 
The width and height of the display were 23.0 and 17.3 deg 
of visual angle, respectively. The computer also collected 
and recorded the subject's responses. 
Stimuli. Fig. l(a) shows the array consisting of 6 x 6 
dim element dots (0.5 cd/m 2 in luminance) on a white 
background (49.0 cd/m 2 in luminance). The array was 
sequentially presented in three horizontally different loci. 
Figure l(b) shows the position of only one row from the 
array at sequential moments (T,,) in time. At time To the 
row is at the position indicated at the top of the figure. At 
time Tt = T~ + t, where t is the frame duration, the row 
is presented shifted by 42 min. At T2 the row is further 
shifted by 42 min. At T0~3~{. the row is back to the same 
location as the row at To This sequential presentation then 
repeats cyclically. Notice that the rows shown in vertically 
*Ramachandran d Anstis (1986) also demonstrated the influence of 
edges on interior correspondence. They found that two alternating 
uncorrelated random-dots appear to oscillate coherently when the 
edges of the two patterns of the random-dots appear to oscillate. 
tThe same experiment was also conducted on an ACT, 486, PC-type 
computer with a HP- 1311 Calligraphic display with a short persistive 
phosphor, with essentially the same results as reported here by five 
naive observers. 
:~The arrays at T,, To, T~ were in the same location as at T~. 
T,, T~, T~.. .  will thus be represented by T0. Similarly, T~ and T2 
will represent T4, T~, T~o... and T,, T,~, Tu . . . .  respectively. 
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F IGURE 1. (a) The test stimulus used in Expt I. The array was 
sequentially presented in three horizontally different loci. (b) The 
position of the array at time T,, is shown. Notice that the rows shown 
in vertically different loci in part (b) are actually presented in the same 
vertical location at different imes. The arrows connecting black dots 
represent the apparent motion direction of the interior dots as predicted 
by the proximity rule. The arrows connecting the striped dots represent 
the predicted motion direction of the dots at the edges according to this 
same rule. 
different loci in Fig. l(b) were actually presented at the 
same horizontal evel at different imes. 
It is known that a dot tends to be perceived to move to 
the closest dot in the subsequent frame when the elements 
of motion are isolated dots (e.g. Burt & Spearling, 
1981; Dawson, 1991; Ullman, 1979). According to this 
"proximity rule", all of the dots except hose at the edges 
of the array should move rightward all the time, as 
indicated in the black dots in each row in Fig. l(b). On 
the other hand, the dots at the edges should move 
rightward as the interior dots from To to T~ and from T~ 
to T> However, from T2 to T,. the dots should jump back 
leftward because there are no more dots on the right-hand 
side. Since the motion is cyclic, the edge dots will oscillate. 
Oscillation is indicated by the striped dots in Fig. l(b). 
The height and width of the array were 10.75 deg. The 
radius of each element dot was 15 min. There were 6 dots 
in each column. The horizontal and vertical gaps between 
neighboring dots in the array both subtended 2.1 deg. 
Procedure. In each trial, a fixation point was first 
presented either in the center or at the right side edge of 
the array. The fixation point was a solid dim dot with 
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24 min dia and 0.5 cd/m 2 luminance. It was maintained 
throughout he trial. 570 msec after the onset of the 
fixation point, the array was presented in the sequence 
previously described. The frame duration of the array at 
the same location was varied from 71 to 286 msec in six 
steps from trial to trial, while the total duration of the 
moving array was a constant 5.7 sec. 
A brief tone was presented to cue the subject concerning 
the task to be performed. In the absence of the tone, the 
subject was instructed to simply respond to the nature of 
motion around the fixation point .  When a tone was 
presented, a " + " mark was presented in the periphery 
of the subject's field of view (i.e. at the right edge of the 
array when the fixation point was placed in the center of 
the display and in the center of the array when the fixation 
point was placed at the right edge of the array). The 
subject was instructed to respond to the dominant motion 
around the " + " mark during the array's presentation 
while still attending to the fixation point. 
There were, therefore, four task conditions: (1) foveal 
motion judgment with the fixation point in the center of 
the array; (2) peripheral motion judgment with the 
fixation point in the center of the array; (3) foveal motion 
judgment with the fixation point at the right side edge 
of the array; and (4) peripheral motion judgment with 
the fixation point at the right side edge of the array. After 
the disappearance of the array, subjects were instructed 
to depress the "1" key on the keyboard if one-way, 
rightward motion (translation) was perceived or to 
depress the "2" key if the dots were seen to oscillate. 
The order of the three experimental parameters--frame 
duration, locus of the fixation point and foveal/peripheral 
viewing was determined pseudo-randomly. Each setting 
was repeated 30 times. The total number of the trials in 
Expt 1 was, therefore, 6 (durations)× 2 (loci of the 
fixation point) × 2 (foveal or peripheral viewing) × 30 
(repetitions) = 720. 
Results 
Figure 2 shows the rate of the occurrence of oscillation 
as a function of the frame duration for the three subjects. 
There was little difference in the results for the foveal and 
peripheral viewing conditions. In both views, oscillation 
was mainly perceived at the edge, while the perceived 
motion direction depended on the frame duration at the 
center, i.e. the rate of oscillation increased with increasing 
frame duration. 
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FIGURE 2. The results of Expt 1. The rate of the occurrence of
oscillation as a function of the frame duration for TW (a), LY (b) and 
KS (c). In both foveal and peripheral views, oscillation was always 
perceived atthe edges, while at the center the perceived motion direction 
depended on the frame duration at the center. Little difference was found 
between foveal and peripheral viewing. 
Discussion 
I f  we consider only the dots at the edge of the array, the 
results of the experiment are in accord with the prediction 
of the proximity rule. However, this is not so with the 
interior dots. There the proximity rule predicts that the 
interior dots should only move rightward. However, to 
the contrary, under some conditions they oscillate, as 
shown in Fig. 2. One possible explanation for this 
discrepancy is that with long frame durations, the 
correspondence at the edge influences the correspondence 
in the center. As shown in Fig. l(b), the interior dots 
including the center ones at T2 have the closest dots at To 
on their right and the second closest dots on their left, 
whereas the dots at the edge at T2 have the dots only on 
the left at To to get correspondence. Thus, it is in the center 
that the ambiguity in correspondence is higher than at the 
edge. I f  such a distant influence on dot correspondence 
from the edges to the center occurs, it is predicted that the 
dots in the center should appear to move rightward 
irrespective of frame durations when the dots at the edges 
appear to move rightward. 
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EXPERIMENT 2 
In Expt 2, the dots at the edges were forced to 
apparently move rightward rather than oscillate in order 
to check if this prediction is right. 
Method 
Materials. An array of the dots was presented inexactly 
the same way as in Expt 1, with the single exception that 
the width of the dots at the left edges at To and that at the 
right edges at 7"2 was half that of the interior dots as shown 
in Fig. 3. To halve dot size, the array was flanked by the 
large dim occluders (2.7 deg in width and 12.0 deg in 
height; 0.5 cd/m 2 luminance) on both sides [Fig. 3(a)]. As 
a control, the same pattern of dots was also presented 
without the occluders [Fig. 3(b)]. Preliminary obser- 
vations showed that, with the occluders, all of the dots 
including those at the edges of the array tended to appear 
to move rightward. The dots appeared to come out of the 
left occluder and go behind the right occlt/der. On the 
other hand, without the occluders, the dots at the edges 
tended to appear to oscillate in the same manner as the 
array in Expt 1. The apparent direction of motion at the 
edges thus depended on whether the occluders were 
present or not. 
Procedure. Two stimulus configurations were used; 
with and without the occluders. The other aspects of the 
procedure were identical to those of Expt 1. The total 
number of the trials was, therefore, 2 (with or without 
occluders) × 6 (frame durations) × 2 (fixation loci) × 2 
(foveal or peripheral viewing) × 30 (repetitions) = 1440. 
Results 
Figure 4 shows the results according to whether the 
occluders were present or not, for both of the two subjects. 
Figure 4(a-c) is for foveal viewing and Fig. 4(d-f)  is for 
peripheral viewing. Without the occluders, the basic 
results were the same as those in Expt 1. The dots at the 
right side edge were mainly perceived to oscillate. On the 
other hand, the likelihood that the dots in the center 
appeared to oscillate became lower with shorter frame 
durations. With the occluders, however, the results were 
quite different from those without he occluders. The dots 
at the edges as well as in the center mainly appeared to 
move rightward, irrespective of the frame durations. 
Discussion 
The results of Expt 2 are in accord with the assumption 
that the oscillation observed with long frame durations in 
the center of the array used in Expt 1 and in the center of 
the array without the occluders used in Expt 2 is a result 
of the influence of the oscillation at the edges on the 
motion direction in the center of the array. 
EXPERIMENT 3 
In Expts 1 and 2, motion direction was measured only 
in the center and at the right edge of the array. It was 
found that with relatively short frame durations, 
rightward motion was observed in the center whereas 
r01r~) 
T1 
r00"3} 
7" 1 
{a) 
J • 
(b) 
o 
o 
o o o o o  
o o o o o  
o o o o o  
o o o o o  
o o o o o  
o o o o o  
1 
o o o o  
o o o o  
o o o o  
o o o o  
O o o o ,  
o o o o  
1 
o o o o  
o o o o  
o o o o  
o o o o  
o o o o  
o o o o  
o o o o  
o o e o  
o o o o  
o o o o  
o o o o  
o o o o  
1 
o o o o o  
o o o o o  
o o o o o  
o o o o o  
o o e o o  
o o o o o  
o o o o  
o o o o  
o o o o  
o o * o  
o o o o  
o o o o  
F IGURE 3. The array presented at three different imes, either flanked 
with dim rectangles as shown in (a) or presented alone as in (b). In both 
cases, the dots at the left edges at To and at the right edges at T., were 
semicircular. 
oscillation was observed at the edges. This raises the 
question of which motion direction was observed in the 
region between the center and edge. Preliminary 
observations indicated that with very long frame 
durations, oscillation was perceived throughout the 
array. However, with shorter frame durations, the dots 
around the center appeared to move rightward and the 
area within which the rightward motion was perceived 
was horizontally expanded. This observation suggests 
that the influence of motion direction from the edges 
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FIGURE 4. The results of Expt 2. The rate of occurrence of oscillation in the center and at the edge as a function of frame 
durations. Results for foveal viewing for TW (a), LY (b) and KS (c) and peripheral viewing for TW (d), LY (e) and KS (f); both 
viewing conditions gave similar results. Without the occluders, the dots at the edges mainly oscillated. The likelihood that the 
dots would appear to oscillate became higher with longer frame durations. With the occluders, not only the dots at the edges, 
but also in the center appeared to move rightward, irrespective of the frame durations. 
gradually propagates inwards. The purpose of  Expt 3 was 
to quantitatively confirm this observation. 
Method 
Procedure. An array consisting of  13 dots in each row 
and 6 dots in each column was used in this experiment. 
The array was presented moving in a similar way as in 
Expt 1, but the total duration in this experiment was 
11.0 sec. The subjects were instructed to indicate the 
location of  the border between the area in which 
rightward mot ion was observed and the area in which 
oscil lation was perceived. This was done by moving the 
cursor, situated above the top of  the array, to the same 
horizontal location as the apparent border. I f  no 
rightward mot ion  was seen, they were to place the cursor 
on the dot in the center co lumn (7th from the rightward 
edge) of  the array. If no oscil lation was seen, they were 
to place the cursor on the outside of  the right-hand edge 
of  the array. No  fixation point was presented. The frame 
duration was varied from 81 to 241 in six steps. The 
number of  repetitions for each frame duration was 30. 
The total number of  trials was thus 180. 
Results and discussion 
Figure 5 shows that the longer the f lame duration, the 
further the apparent border was from the edge of  the 
display. That is, the area in which oscil lation was observed 
became larger. These results are in accord with the 
preliminary observation of  separation of  the area of  
rightward mot ion from the area of  oscil lation and with 
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FIGURE 5. The results of Expt 3. The mean selected location of the 
border between the area of oscillation and the area of rightward motion 
as a function of the frame duration for TW (a), LY (b) and KS (c). 0 on 
the abscissa means the right side edge and 7 means the center column. 
The results how that the area of the oscillation became larger with the 
increasing frame duration. 
the assumption that the apparent motion direction 
gradually propagates from the edges to the center. 
GENERAL DISCUSSION 
In Expt 1, it was found that the rate at which oscillation 
was perceived at the center of the moving array increased 
with increasing frame duration. Oscillation was observed 
at the edges independent of frame duration. In Expt 2, 
when the dots at the edges were seen to move rightward 
due to the influence of occluders, no oscillation was 
observed in the center. The results suggest that the 
oscillation observed in the center in Expt I is dependent 
on the oscillation at the edge. In Expt 3, it was l\)und that 
the area within which rightward motion was observed 
became smaller and was invaded by an area of perceived 
oscillation with increasing frame duration. 
The results of Expts 1 and 3, therefore, suggest he 
following conjecture. The more compelling, less ambigu- 
ous information concerning local motion correspondence 
(at the edges in the present study) can propagate and 
override the less compelling, more ambiguous motion 
correspondence of the interior dots. This propagation 
occurs gradually from the edges to the center, as shown 
in Expt 3. The speed of the propagation is roughly 30 
deg/sec in the experimental setting of this study, judging 
from the results in Expts I and 3. As shown in Fig. l(b), 
it is only between the frames at ~ and T,, that the 
directions of oscillation and rightward motion become 
different. I f  the time interval between ~ and T,, is large, 
the signal producing the perceived oscillation from the 
edges has enough time to reach the center. On the other 
hand, if the time interval is small, the signal does not reach 
the center and, consequently, oscillation is observed only 
in the area close to the edges of the array. This conjecture 
may explain why the observed area of oscillation increases 
(Expt 3) and why there is a higher probability of apparent 
oscillation in the center (Expt 1), with increasing frame 
duration. This kind of propagation can be implemented 
by an iterative network in which interaction occurs only 
between local units but gradually spreads to distant units 
(Grossberg & Rudd, 1992; Ullman, 1979: Yuille & 
Grzywacz, 1988). 
There are at least three alternative xplanations for the 
results of the present study. One explanation for the re- 
suits of the present study might be based on the tendency 
suggested by Ramachandran and Anstis (1983b) that 
motion driven by low spatial frequency overrides motion 
by high spatial frequencies. This tendency was supported 
by two of their findings. One is the observation that the 
upper displacement threshold for the breakdown of 
coherent motion between two correlated random-dot 
patterns was higher with low spatial frequency 
components han with high spatial frequency components 
(Ramachandran & Anstis, 1983b). The other is the 
tendency called motion capture in which two uncorre- 
lated random-dot patterns, which alone appear to be 
incoherent random "noise", come to move synchronously 
when a low spatial frequency moving grating is imposed 
on the patterns (Ramachandran & Anstis, 1983b). This 
idea of the dominance of a low spatial frequency 
component over a high spatial frequency component 
might be used to explain the results of the present study 
as follows. Oscillation is driven by a global aspect of the 
array; i.e. by its low spatial frequency component. On the 
other hand, rightward motion is based on local 
correspondence and is, therefore, driven by its high spatial 
frequency component. Our finding that, under some 
conditions, oscillations can be observed even in the center 
of the array might, therefore, be explained by the fact that 
motion based on the high spatial frequency component 
can be overridden by motion based on the low spatial 
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frequency component. However, this argument does not 
satisfactorily explain the results of the present study for 
the following three reasons. First, the dominance of a 
low spatial frequency component over a high spatial 
component alone does not explain the gradual expansion 
of the oscillations area found in Expt 3. Second, no 
significant difference between the foveal and peripheral 
views in the results of Expts 1 and 2 was observed. 
However, the ratio of lower spatial frequencies tohigher 
spatial frequencies at the edge of the display should be 
lower in the foveal condition than in the peripheral 
condition because of the reduction of visual sensitivity to 
the high spatial frequency components with increasing 
retinal eccentricity. Our results indicate that a difference 
in spatial frequency does not significantly influence 
apparent motion direction in the displays used in the 
present study. Third, both the present findings and 
motion capture itself may be explained by a more 
fundamental underlying principle than the phenomeno- 
logical tendency of the dominance of motion driven by 
low spatial frequencies over motion by high spatial 
frequencies. This fundamental principle is "smoothing" 
(Marr, 1982; Hildreth, 1984; Yuille & Grzywacz, 1988, 
1989). Yuille and Grzywacz (1988, 1989) constructed a 
model based on two-dimensional smoothing that can 
simulate various kinds of motion capture including 
capture by surrounding contours (MacKay, 1961), 
moving gratings (Ramachandran & Anstis, 1983b) or 
other dots (Williams & Sekuler, 1983). The Gaussian filter 
of the Motion Oriented Contrast (MOC) filter of 
Grossberg and Rudd (1992) performs a similar calcu- 
lation. Grossberg and Mingolla (1993) extended the 
model of Grossberg and Rudd to form a Motion 
Boundary System, in which a stage of Gaussian 
smoothing isinstrumental in forming coherent groupings 
among ambiguous local motion signals within a 
cooperative-competitive network. If this model is true, the 
present findings may be better explained by the gradual 
propagation of unambiguous matching, which in itself 
may be a manifestation f the smoothing principle, than 
by the tendency of low-frequency omponent todominate 
a high-frequency omponent. 
The second alternative explanation is that the results 
obtained in Expts 1 and 3 are due to weaker signals for 
oscillation as a result of motion integration. The leftward 
and rightward motion signals of the oscillating array or 
the dots at the edges might be partially temporally 
integrated at short durations and making the signal for 
*Nevertheless, it might be premature toentirely rule out the hypothesis 
of the weakening of signal of oscillation due to the temporal 
integration. As mentioned above, the detection tasks (van Doom 
et aL, 1985; Simpson, 1994) have shown a limit of 70~100 msec for 
temporal integration. However, the results of the other kinds of tasks 
show much longer periods of integration, as long as 600 msec or 
more (Nakayama & Silverman, 1984; Snowden & Braddick, 1989, 
1991; Beverley & Regan, 1994; Watamaniuk & Sekuler, 1992). Thus, 
the hypothesis of the weakening of signal of oscillation due to the 
temporal integration cannot be entirely ruled out if the temporal 
integration of leftward and rightward motion signals is not reflected 
by the visibility measured in the detection tasks. 
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oscillation weaker. As a result, the rightward motion 
signal in the center might not be overridden by the 
oscillation signal from the edges at short frame duration. 
However, this explanation is less likely, although itcannot 
be entirely ruled out, than the propagation hypothesis 
discussed previously, for the following two reasons. First, 
the results of the motion detection studies uggest that 
motion integration may not occur very strongly when 
frame duration is greater than 70-100 msec (van Doorn, 
Koenderink & van de Grind, 1985; Simpson, 1994). Then, 
if the rightward motion in the center at short duration 
could be explained merely by the weaker signals for 
oscillation as a result of motion integration, the 
oscillation in the center should have occurred with high 
likelihood in Expt 1 for durations greater than 70-100 
msec, and the area of oscillation in Expt 3 should not have 
expanded toward the center any more for these durations. 
However, Fig. 2 shows that even for the durations ranging 
between 71-286 msec for LY and KS and between 71-157 
msec for TW, the rate of occurrence of oscillation still 
increased with the increasing duration in Expt 1. In 
addition, Fig. 5 shows that he area of oscillation becomes 
larger with the increasing duration, which was ~> 81 msec 
in Expt 3. These facts indicate that the rightward motion 
in the center at short duration cannot, therefore, be 
explained merely by the motion integration. Second, 
Fig. 2 also shows that even at the shortest duration 
(71 msec) in Expt 1, the subjects aw oscillations at the 
edge with very high likelihood. This fact suggests that the 
weakening of signal of oscillation due to the temporal 
integration of the rightward and leftward motion signals 
may not occur so strongly even at the shortest duration.* 
The third alternative xplanation has been given by 
Hock and Balz (1994). They investigate he competition 
between oscillatory and unidirectional motion of a dot 
array as a function of frame duration. They obtained 
similar esults as those in Expts 1 and 3 in the present study 
when inter-dot distances are around 0.5 deg. They suggest 
that hese results are caused by the predominance of a bias 
to maintain unidirectional motion over another bias to 
reverse perceived motion directions and by greater 
temporal persistence of the latter bias than the former bias. 
This two-kind biases hypothesis does not involve the 
influence of the dots in the edges and, therefore, this alone 
does not explain the difference in results between Expts 1 
and 2 in this study. However, it is possible that both the 
two biases and the propagation from edges might occur in 
the stimuli of this study. 
The oscillation and rightward motion observed in this 
study might also be related to the two different kinds of 
motion observed by Ternus (1926) and Pantle and 
Picciano (1976). They cyclically switched two frames 
consisting of 3 black dots arranged in a horizontal row. 
The dots in Frame 2 were shifted rightward so that he left 
and center dots in Frame 2 were positioned overlapped 
with the center and right dots in Frame l, respectively. 
Two kinds of motion were observed epending upon 
conditions. Either a group of the 3 dots appeared to 
oscillate (group motion) or the 2 overlapping dots were 
perceived stationary and a third dot appeared to move 
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back and forth from one end of the display to the other 
(element motion). Pantle and Picciano (1976) found 
that only element motion was abolished when (1) the 
two frames were presented dichoptically or (2) stimulus 
contrast was reversed from one frame to the next. 
However, the group and element motions observed by 
Ternus (1926) and Pantle and Picciano (1976) may be 
different from the oscillation and the rightward motion 
observed in the present study for the following reasons. 
Three subjects observed the moving array used in the 
present study dichoptically and found that rightward 
motion was still perceived in the center and oscillation was 
perceived at the edge with short frame duration. We also 
observed that both oscillation and rightward motion 
survived the stimulus contrast reversal from one frame 
to the other. In contrast, the element motion observed 
by Ternus (1926) and Pantle and Picciano (1976) was 
abolished either with dichoptic viewing or with the 
contrast reversal. 
Mitchison and McKee (1985) stereoscopically pre- 
sented the array of regularly placed dots similar to those 
used in the present study. They found that the stereo 
correspondence of the dots inside an array is strongly 
influenced by the correspondence of the dots at the edge. 
Our results showing that the motion correspondence at 
the edges can influence the motion in the center is 
analogous to their finding. 
Recent physiological studies show that the neurons 
in the medial temporal cortex (MT) are activated by the 
same kind of stimuli that induce apparent motion 
(Newsome, Mikami & Wurtz, 1982, 1986; Mikami, 
Newsome & Wurtz, 1986). MT may thus play a significant 
role in apparent motion perception. The result of the 
experiments of this study suggest that the information 
exchange between distant neurons within MT may be 
accomplished by a gradual propagation by means of 
iterative local interactions between neurons rather than 
by directly connected, long-range interactions. 
In conclusion, the results of the experiments in the 
present study support the idea that the interaction of local 
units may gradually propagate through intermediate 
units to distant units. 
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